Observation on 23 March 1999

Boundaries of two ERS-2 SAR frames acquired at 13:27 UTC are shown in Fig. 1c. They cover coastal mountain area, the Murav’ev-Amursky Peninsula, Vladivostok, the Peter the Great Bay and an area south of the bay. Field of sea surface temperature (SST) derived from NOAA AVHRR image (4 channel) visualizes the features of water dynamics in this region at the end of cold season (Fig. 1c). Solid lines in Fig. 1a mark the boundaries of SAR images. Time difference between NOAA AVHRR and ERS-2 SAR images was 7 h and thus the AVHRR data can be used for interpretation of radar signatures.

On 23 March the northern part of the Amursky Bay was covered by fast ice. It looks as a dark-gray area at the top of the bay (Fig. 1a). Large fields of drifting ice II are seen in the middle part of the bay (see interpretation scheme in Fig. 1b that shows the location of contrast details on SAR image). SAR image was obtained at the southern winds of 2-5 m/s that favors to manifestation of the oceanic phenomena on SAR images. The sea areas near the coast where wind speed did not exceed about 3 m/s look dark on the image. Further south at the open sea wind speed is higher. The brightness variations here result mainly from dynamic factors. The most prominent features are three anticyclonic eddies A, B, and C located at the lower left of the IR image (see an interpretation scheme in Fig. 2c). They are within a SAR swath in full (eddy B) or in part (eddies A and C). The SST decreases from about 1.2(C at the center of eddy B to about -0.5(C at its periphery. In the area of eddies A and C the SST is higher and equals to 2.0(C (Fig. 1c). The values of the NRCS are also higher hear compare to the eddy B area (Fig. 2a). 

The presence of a narrow dark band on the upper left and lower right portions of the eddy B, and a bright band on the lower left and upper right corresponds to a typical manifestation of an anticyclonic eddy on a SAR image at the given sounding direction. Such signatures are explained by the change of the spectral density of the Bragg waves responsible for backscatter of radar signals. In turn, these changes can result from a variety of physical mechanisms which modulate the sea surface roughness. The main mechanisms are: (a) modulation of the surface wave spectrum by variable currents (current shift near the boundary of the eddy), (b) variation of the wave spectrum with the change of the relative velocity of wind over the different portions of the eddy (with consideration for azimuthal dependence of the NRCS), and (3) damping of short waves by surface films accumulated by convergent currents. 

It follows from a comparison of the SAR (Fig. 1a) and IR (Fig. 1c) images that the SAR image enables one to distinguish the fine details of water dynamics that are not found in SST pattern since their thermal contrasts are weak or absent and their sizes are small. Among these features it should be emphasized a chain of cyclonic eddies I-I the size of about 10 km along a continental slope, a northward narrow flow of (warmer) water into the anticyclonic vortex B (streamer D), etc. The SST values in the area of the eddy chain I-I is about –0.5(C, and in the streamer D is about 0.8-1.2(C.

Numbers 1, 2 and 3 in Fig. 1b mark ship wakes. The ships are clearly seen on full-resolution SAR image. Oil-polluted waters behind ships 1 and 2 look dark since oil films also damp small-scale roughness. 
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Manifestations of thermal and dynamic structures on satellite SAR and IR images of the northwestern Japan/East Sea. 
a) Strip of the 837 and 855 ERS-2 SAR frames  acquired on 23 March 1999, at 13:27 UTC. 
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b) Interpretation scheme showing the location of contrast features on SAR image caused by dynamic factors (chain of eddies formation I-I), thermal and dynamic factors (eddies A, B and C, streamer D), fields of pack ice II, slicks III, and ship wakes 1, 2 and 3, with discharge of polluted water by ships 1 and 2. Total area of spills  are 24.6 and 2.0 km2 consequently.
c) NOAA AVHRR image acquired on 23 March 1999, at 06:19 UTC. Rectangle indicates the location of the ERS-2 SAR frames. 
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